I discuss the role of PGs inside the fibril. A hypothesis of fibril development and remodelling is proposed.
Experimental
Fibres from mature rat tail tendons were immersed in 0.025 M-sodium acetate buffer, pH 5.8, with or without MgCl, up to 0.3 M, overnight at room temperature. They were processed for electron microscopy and stained with phosphotungstic acid. PGs were stained by Cupromeronic Blue [ 21.
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Results
Rat tail tendon collagen fibrils disaggregated in the mild experimental conditions to sub-fibrillar structures. The smallest, most frequent (protofibrils) were of fairly constant thickness, 12-15 nm. They often arose from larger subfibrils ( > 25 nm) that were nevertheless much smaller than the parent fibril. The protofibrils retained a faint banding pattern. They were oriented helically. The 25 nm sub-fibrils had clearer banding patterns, in register with that of the parent fibril. Fixation by glutaraldehyde prevented disaggregation.
Axial PG filaments were seen inside large collagen fibrils in aged human intercostal cartilage, rabbit annulus fibrosus, rat tail and turkey flexor digitorum tendons arranged regularly in bands across the fibril, often traversing the gap zone, roughly parallel to the main fibril axis. Other PG filaments followed a chord of the circular fibril cross-section, in parallel with other chordal filaments.
Discussion
The conditions used were mild, suggesting that bonds between protofibrils may not be difficult to break in vivo.
(1) The exposure of vastly larger surface areas of fibrillar collagen to degradation or modification by enzymes or other agents would enormously enhance processes of breakdown or remodelling, thus bringing even thick fibrils into rapid turnover.
(2) If, as claimed for the glycerine-mediated process [3], the process is reversible, the tissue could use protofibrils in building new fibrils, placed somewhat differently in space, compared with the parent fibrils. Continuous remodelling could take place without metabolically recycling the collagen, or bringing about major changes to the collagenous framework, which might risk dangerous weakening of the tissue.
(3) Crosslinks in the tissue were necessarily intra-protofibritlar.
(4) PG filaments followed fixed lines, in a constant orientation to each other. Sometimes they overlapped, spanning several D periods. Axial filaments were separated by the thickness of a protofibril. Their orientation to the main fibril axis was similar to that of the protofibrils. Their positions were probably determined by the position of the protofibrils.
(5) Intra-fibrillar PG-binding sites may be in the gap zone.
(6) It is unlikely that PGs penetrated closely packed collagen fibrils to specific and ordered positions in mature structures. It is suggested that large fibrils were formed by coalescence of smaller fibrils. Some protofibrils then retained some of their associated PG.
(7) Collagen fibrils of foetal tendons (about 25 nm) were linked by PG filaments. If such fibrils coalesced, retaining linking PG, it would appear as chordal PG, spanning the cross-section of the fibril. Coalescence of fibrils bearing axial filaments could produce a picture similar to that of the large fibril in Fig. 1 Interest has been shown in the use of bovine testicular hyaluronidase for the treatment of myocardial infarction [ 11 tTo whom correspondence should be addrzssed. and certain other clinical conditions (21. Although it has been shown that hyaluronidase may have a beneficial effect on patients with myocardial infarction, there is little evidence to explain how the enzyme might function therapeutically. It has been reported that degradation of hyaluronic acid from damaged myocardium occurs [3] after administration of the enzyme and it has been proposed that hyaluronidase reduces oedema [4] .
An investigation in rats of the serum kinetics and tissue distribution of an 1251-labelled preparation of highly purified 633rd MEETING, LONDON bovine testicular hyaluronidase showed that the majority of the enzyme accumulated in the liver with a serum half-life of approximately 3 min [ 5 ] . However, a small amount of enzyme is accumulated in myocardium with preferential uptake by damaged tissue [6].
It is apparent from these studies that most of the intravenously administered enzyme does not reach the desired target tissue. In order to increase the serum half-life of hyaluronidase, experiments have been carried out to investigate the mechanism of uptake of the enzyme [ 5 ] . Intravenously administered hyaluronidase accumulates in the liver and experiments have been carried out to establish the subcellular localization of the enzyme by immunocytochemical labelling and electron microscopy.
A female rat (approximately 200 g) was anaesthetized with ether and injected with 100 pg of highly purified hyaluronidase (3000 i.u. in 0.25 ml of 154 mM-NaC1 via the tail vein) [ 51. After 10 min the animal was killed and the liver was removed and cut into small pieces (approximately 1 mm'). These were immediately placed into, and kept for 60 min in, 1% (v/v) glutaraldehyde in phosphate-buffered saline (4 mM-Na,HPO,, 3 mM-KH,PO,, 123 mM-NaC1, pH 7.4) containing 2 mM-NaN, and 0.1% (w/v) bovine serum albumin. The samples were dehydrated, embedded in LR White resin and cut into thin sections (90 nm thick). These sections were placed on Formvar-coated nickel grids and stained for hyaluronidase using a rabbit polyclonal antibovine hyaluronidase antibody (diluted 1 : 10 000 in phosphate-buffered saline) and 10 nm gold-conjugated goat anti-rabbit IgG [diluted 1:20 in 20 mM-Tris/HCI buffer, pH 8.2, containing 1% (w/v) bovine serum albumin]. Grids containing sections of liver were examined in a Phillips EM400T electron microscope using an accelerating voltage of 80 kV and a magnification range of 4600-80 000. Negative controls were performed by substitution of the primary antibody with a corresponding amount of normal rabbit serum. As a positive control hyaluronidase was localized in preparations of bovine spermatozoa [7] . A number of lysosomes were visible in the sections. There was specific clustering of gold particles in these organelles (see Fig. 1 ). although not all of the lysosomes were labelled. Non-specific labelling of the sections could be minimized by reducing the concentration of the primary antibody solution.
The structure of oligosaccharide units on glycoproteins is a major determinant of the endocytosis of these molecules from the circulation into cells [8] . In particular, glycoproteins with mannose-terminated oligosaccharide subunits are accumulated in the liver; hyaluronidase has three such oligosaccharide units per mol of enzyme [9] . Our results demonstrate that intravenously administered hyaluronidase is accumulated in liver lysosomes and it is proposed that this occurs via a mannose-mediated mechanism. This is in accord with other results which have demonstrated that the simultaneous administration of mannans or ovalbumin increases the serum half-life of the enzyme [5] .
In conclusion, it is speculated that removal of the highmannose oligosaccharide units from hyaluronidase should increase the serum half-life of the enzyme and result in a preparation with enhanced therapeutic potential.
